Abstract--A correlation was made of crystallochemical data from 15 smectites with the half time of dissolution (to.~) in 6 N hydrochloric acid at 96~ From this the relation In to~ -3.95 -1.96 Fe w -2.30 Mg v~ was developed. It shows a remarkable dependence of the apparent dissolution rate of the octahedral layer of the smectites on the substitution of Fe 3+ and Mg 2+ for AI +3 in the octahedral position.
INTRODUCTION
The kinetics and mechanism of dissolution of smecrites in HCI have been described by various authors such as Brindley and Youell (1951) , Kar~ulin and Stubi6an (1954) , Osthaus (1954 Osthaus ( , 1956 ), Packter (1955) , Granquist and Gardner-Sumner (1959) , Fahn (1963) , Turner (1964) , Ci6el et al. (1965) , and many others.
Although there is sufficient data on the dissolution of Smectites in HC1, no attempts have been made to find the relation between the crystallochemical characteristics of these minerals and the reaction rate of this process. Attention, therefore, is drawn to the role of substitutions in the structure of smectites as a possible reason for changes of the apparent dissolution rate, measured under constant temperature and concentration of the acid.
MATERIALS AND METHODS

Characteristics of the samples
Mineralogical and chemical analyses of purified and Ca-saturated samples are given in Table 1 .
Acid dissolution
A 500-mg sample was extracted in 100 ml of 6 N HCI at 96~ for different time intervals. After leaching in HC1 the samples were filtered and washed with distilled water. Leaching in HC1 was performed for 88 89 3~, 1, 1 89 2, 3, 5, 8, 12, 24, 48, and 72 hr. In each filtrate the content of A1203, Fe203, MgO, and CaO was determined. The leaching of octahedral ions was checked by IR spectrometry using the gradual disappearance of the absorption band at 490 cm -1 characteristic for Aloet-O bond.
Expression of dissolution rate
To avoid the difficulties in expression of the true mechanism and kinetics and, finally, to compare the apparent dissolution rates of smectites, a new measure, the halftime of dissolution (tos), has been introduced v (Ci6el and Novfik, 1976) . It is the time in which just 50% of the central atoms from the octahedra are leached out. Its value can be determined graphically from the plot of a or (1 -a) against time, where a is a portion of material reacted.
To find the halftime of dissolution for nontronites at 96~ it was necessary to adopt an indirect way because of the extremely high dissolution rate. We determined the t05 values at 35, 40, 50, and 70~ and extrapolated these values for 96~
Starting with the Arrhenius equation in the form E k = Ae RT (1) where k is the specific rate constant [hr-1], A is a constant, E is the activation energy in [cal mole-q, R is the gas constant [cal deg -1 mole-q, T is the absolute temperature, and when we take the analytical form of the function
then we may express the Arrhenius equation in a form, which would express the relation between the activation energy of the reaction and the halftime of dissolution of the sample as follows:
where A' is a constant different from that in Equation 1. This is a linear dependence until E remains constant and thus the value t05 may be read for the temperature of 96~ as it is shown in Figure 1 Turner (1964) using the analytical data of Osthaus (1954 Osthaus ( , 1956 and Turner (1964) .
RESULTS
For the correlation of crystallochemical characteristics of smectites with the apparent dissolution rate of the octahedral layer in HC1 we have used the data from 15 samples of montmorillonites and nontronites. This is given in Table 2 . The to5 values are for the leaching of octahedral aluminum in montmorillonites and octahedral iron in nontronites.
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The following regression relations were evaluated:
A The best correlation was found between the decomposition rate expressed as the halftime of dissolution and the octahedral substitution in smectites. The decomposition rate Of smectites in 6 N HCI increases with increasing substitution of iron and magnesium in octahedra.
The numerical values of Equation 5 were calculated by the method described by Ezekiel and Fox (1959) from the data given in Table 2 . The best fitting eventuality (F) has the following form:
In t05 = 3.95 -1.96Fe vl -2.30Mg vI _+ 0.52 (6) The correlation coefficient, r, is equal to -0.97 for this given empirical relation.
DISCUSSION
Starting from a model of acid attack similar to that given by Granquist and Gardner-Sumner (1959) , the system is expected to have the following properties: 1) it consists of disk-shaped particles; 2) the rate of progress of the interfacial boundary between the solid particle and surrounding liquid is constant in the course of the whole process of dissolution; 3) the dissolution begins only on edges and proceeds toward the center of the particle.
As potential reasons for the experimentally found phenomena we consider the size of the particles, the defect sites in the structure and the leaching rate of the octahedral layer. If the particle size is actually the decisive factor we have to suppose that the dissolution rate is approximately equal for all smectites. In such a case the mean particle size of montmorillonite is expected to be approximately 1000 times greater than that of nontronite. Comparing the real dimensions of particles of both minerals we can see that they are approximately of the same size. Thus, we can suppose that differences in particle size are contributing to the scattering of the measured data but are not of primary importance.
Different kinds of defects, such as cleavage, irregularities in distribution of central atoms in the structure and vacancies usually are present in smectites. In these spots the process of leaching of the octahedral layer could be identical with that taking place on the grain boundaries. Then the decomposition rate would depend on the quantity of such defects. Their number should increase with an increasing number of central atoms of Mg and Fe in the structure of the mineral. Since there is no possibility of determining the number of defects in individual crystals, it is rather difficult to say whether the number of imperfections increases with an increasing rate of dissolution.
The assumption that the number of imperfections increases in some proportion to the number of the substituted central atoms in octahedra in montmorillonite is acceptable until approximately one half of the A1 atoms are replaced by Fe. Beyond this limit a new stable structure is formed. It is nontronite and the increasing number of Fe atoms leads to a more stable and perfect structure while the number of defects is decreasing. If this is true, then the structural defects cannot be responsible for the acceleration of the decomposition of smectites, which increased by as much as three orders of magnitude, when comparing nontronites with montmorillonites.
The change in the dissolution rate of smectites could be explained by a lowering of the stability of the octahedral layer as a consequence of a successive substitution by iron and magnesium for aluminum. With regard to the greater ionic radius of trivalent iron and bivalent magnesium, when compared with aluminum, the octahedra of the layer are flattened, more distorted (Donnay et al., 1964) and the tension in the structure is increasing. This can support the more rapid release of central atoms from the structure despite the nearly constant apparent activation energies for the samples within the whole range of substitutions (Osthaus, 1956; Turner, 1964; Gregor et al., 1966) .
